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MONOLITHIC ARRAY AMPLIFIER WITH PERIODIC BIAS-LINE 
BYPASSING STRUCTURE AND METHOD 



Technical Field 

5 

Embodiments of the present invention pertain to RF circuitry, and some 
embodiments pertain to monolithic amplifier arrays and biasing for such 
monolithic amplifier arrays. 

10 Background 

Conventionally, monolithic circuits, including MMIC amplifiers, are 
fabricated on a semiconductor wafer, diced up into a large number of individual 
circuits and mounted onto RF substrates. Each RF substrate may be individually 

1 5 biased and may include large bypass capacitors to reduce the amount of RF energy 
on the bias lines for each substrate. Instead of being diced up into separate 
individual circuits, monolithic arrays may include a large number of monolithic 
circuits on a single RF semiconductor substrate. One problem with these 
conventional bias-line bypassing techniques for monolithic arrays is that the 

20 bypass capacitors required do not fit within the limited space available on a wafer. 
Some conventional bias-line bypassing techniques use a number of 
different size capacitors to provide bypassing over a wide frequency range. Large 
capacitors used to bypass low frequencies, do not always fit within the limited 
available space, and it may become necessary to distribute a larger number of 

25 capacitors around a bias line. Unfortunately, a larger number of capacitors 

increases the probability that defective capacitors may short to ground causing the 
circuit to become inoperable. 

Thus, there are general needs for improved bias-line bypassing techniques 
for monolithic arrays. There are also needs for bias-line bypassing techniques that 

30 reduce the risk and problems associated with capacitor failure. 
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Summary 



A bias-line bypassing structure comprises a plurality of bias-line bypass 
circuits forming a periodic structure at least partially around each of a plurality of 
5 amplification units to reduce RF current flow between the amplification units and 
a grid-bias network. Each bias-line bypass circuit may comprise thin-film 
capacitors, inductive wire bridges, and thin-film resistors connected to ground 
vias. The thin-film capacitors may have differing values selected to resonate with 
an associated one of the inductive wire bridges and an associated one of the thin- 

10 film resistors to shunt RF current flow over a range of RF frequencies. In some 
embodiments, the inductive wire bridges may comprise inductive wire-bridge 
fuses to provide an open circuit in case an associated one the thin-film capacitors 
shorts to ground. The bias-line bypass circuits may be positioned along a bias 
street of the grid-bias network and spaced apart by less than a quarter-wavelength 

15 of an effective propagation constant of the bias line. In some embodiments, a 

plurality of amplification units may be arranged in a grid-like structure fabricated 
on a single monolithic substrate to form an array amplifier. The semiconductor 
material may comprise, for example, Indium-Phosphide (InP), Gallium Arsenide 
(GaAs), Gallium Nitride (GaN), or Silicon (Si). 

20 

Brief Description of the Drawings 

The appended claims are directed to some of the various embodiments of 
the present invention. However, the detailed description presents a more complete 
25 understanding of embodiments of the present invention when considered in 

connection with the figures, wherein like reference numbers refer to similar items 
throughout the figures and: 

FIG. 1 illustrates a portion of a monolithic array amplifier in accordance 
with embodiments of the present invention; 
30 FIG. 2 illustrates an amplification unit in accordance with embodiments of 

the present invention; and 

FIG. 3 illustrates a bias-line bypassing structure in accordance with 
embodiments of the present invention. 
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Detailed Description 



The following description and the drawings illustrate specific 
5 embodiments of the invention sufficiently to enable those skilled in the art to 
practice them. Other embodiments may incorporate structural, logical, electrical, 
process, and other changes. Examples merely typify possible variations. Individual 
components and functions are optional unless explicitly required, and the 
sequence of operations may vary. Portions and features of some embodiments may 
10 be included in or substituted for those of others. The scope of embodiments of the 
invention encompasses the fall ambit of the claims and all available equivalents of 
those claims. 

FIG. 1 illustrates a portion of a monolithic array amplifier in accordance 
with embodiments of the present invention. Monolithic array amplifier 100 

15 comprises a plurality of amplification units 102 arranged in grid-like structure 106 
and fabricated on single monolithic substrate 108. Array amplifier 100 also 
includes grid-bias network 104 separating amplification units 102 and providing 
DC power to amplification units 102. In accordance with embodiments, each 
amplification unit 102 comprises bias-line bypass circuits (discussed in more 

20 detail below) which form a periodic structure. Grid-bias network 104 may be 
viewed as a power-grid mesh. 

In some embodiments the bias-line bypass circuits are positioned along a 
bias street of grid-bias network 104 and spaced apart by less than a quarter- 
wavelength of an effective propagation constant (e.g., the effective permittivity) of 

25 the bias line. The semiconductor material may comprise Indium-Phosphide (InP), 
Gallium Arsenide (GaAs), Gallium Nitride (GaN), or Silicon (Si), for example. 

Although units 102 are described herein as amplification units, this is not a 
requirement. Units 102 may comprise almost any circuitry that receives bias from 
bias-grid network 104. In some embodiments, each amplification unit 102 may 

30 comprise one or more power amplifiers which receive bias current from the grid- 
bias network 104. In some embodiments, the power amplifiers comprise a self- 
biased amplifier such as a self-biased high-electron-mobility transistor (HEMT) 
amplifier, although the scope of the invention is not limited in this respect. In 
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these embodiments, a single bias voltage may be provided by grid-bias network 
104 for both the gate and drain of the transistors and a resistive element may be 
used to adjust/lower the gate voltage. 

Although FIG. 1 illustrates an array amplifier, embodiments of the present 

5 invention are equally suitable to any grid-like structure of circuit elements. For 
example, in embodiments, bias-line bypassing structure 106 may comprise a 
plurality of bias-line bypass circuits positioned in a periodic structure at least 
partially around grid units which include circuit elements to reduce RF current 
flow between the circuit elements and grid-bias network 104 for providing bias 

10 current to the circuit elements. In these embodiments, the circuit elements may 
include almost any type of active circuit element including amplification units, 
power amplifiers, etc. 

In some embodiments, amplification units 102 may include receive 
antennas, transmit antennas and power amplifiers to receive a bias voltage from 

1 5 grid-bias network 104 and to amplify RF signals received by the receive antennas 
for re-transmission by the transmit antennas. In some embodiments, the RF signals 
may be at millimeter-wave frequencies, and in some embodiments, the RF signals 
may be W-band RF signals. In some embodiments, structure 106 may be part of 
an amplifier reflect-array for reception, amplification and retransmission of a 

20 millimeter wave frequency approximately in a range between 90 and 100 GHz. In 
some embodiments, the receive antennas may be configured to receive a 
substantially vertically-polarized wavefront at a millimeter-wave frequency, the 
power amplifiers may be configured to amplify signals to provide a substantially 
horizontally-polarized wavefront. The transmit antennas maybe configured to re- 

25 transmit the amplified signals to generate the high-power collimated wavefront at 
the millimeter-wave frequency, although the scope of the invention is not limited 
in this respect. 

FIG. 2 illustrates a portion of a grid-like structure including an 
amplification unit in accordance with embodiments of the present invention. In 
30 embodiments, portion 200 may be a grid unit of array amplifier 100 (FIG. 1), 
although other grid units may also be suitable. Portion 200 may include one or 
more amplification units 202 separated by bias streets 214 of grid-bias network 
204. Amplification units 202 may be suitable for use as one of amplification units 
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102 (FIG. 1) although other circuit elements may also be suitable. Grid-bias 
network 204 may provide DC power to amplification units 202. In embodiments, 
each amplification unit 202 comprises bias-line bypass circuits 206, which may 
form a periodic structure. Bias-line bypass circuits 206 may be positioned along 
5 bias streets 2 14 of grid-bias network 204 to reduce RF current flow between 
amplification unit 202 and grid-bias network 204. In some embodiments, a 
plurality of bias-line bypass circuits 206 may be positioned at least partially or 
substantially around each amplification unit 202 to further reduce RF current flow 
between amplification unit 202 and grid-bias network 204. 

10 In some embodiments, each bias-line bypass circuit 206 may comprise a 

periodic structure of resistive-inductive-capacitance (RLC) networks. In these 
embodiments, bias-line bypass circuits 206 may be positioned along bias streets 
214 of grid-bias network 204 and may have a spacing therebetween of less than a 
quarter- wavelength of an effective propagation constant of the bias line. 

15 In some embodiments, amplification units 202 may include receive 

antenna 208, transmit antenna 210 and power amplifier 212. Power amplifier 212 
may receive a bias voltage through bias lines 216 from grid-bias network 204. In 
these embodiments, power amplifier 212 may be configured to amplify RF 
signals, such as millimeter wave signals, received by the receive antenna for 

20 transmission by the transmit antenna. In these embodiments, when configured in 
an array, each amplification unit 202 may operate independently of other 
amplification units 202 of array 100 (FIG. 1) at least from an RF perspective. 

In some embodiments, grid-bias network 204 may comprise a mesh 
structure comprising one or more conductors, such as gold, having a thickness of 

25 approximately between 20 and 30 microns (nm) and a width between 

approximately 200 and 400 microns (pm), although the scope of the invention is 
not limited in this respect. In these embodiments, the thickness may be selected 
depending on the current requirements of amplification units 202 and to reduce 
any voltage sag within the mesh structure. In other embodiments, other grid-bias 

30 network 204 may comprise other conductors. In some embodiments, a power 

source may provides up to 300 amps or greater of current to the grid-bias network, 
although the scope of the invention is not limited in this respect. 
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FIG. 3 illustrates a bias-line bypassing structure in accordance with 
embodiments of the present invention. Bias-line bypassing structure 300 may be 
suitable to decouple amplification units 202 (FIG. 2) from grid-bias network 204, 
although other structures may also be suitable. Bias-line bypassing structure 300 

5 may comprise a periodic network of bias-line bypass circuits 306 which may be 
suitable for use as bias-line bypass circuitry 206 (FIG. 2) although other circuitry 
may also be suitable. In accordance with embodiments, bias-line bypass circuits 
306 may form a periodic structure of resistive-inductive-capacitance (RLC) 
networks. Each bypass circuit 306 may comprise one or more thin-film capacitors 

10 308, and one or more inductive wire bridges 310 coupling one or more of 

capacitors 308 to bias street 322 of a grid-bias network. Each bypass circuit 306 
may also comprise one or more thin-film resistors 312 coupling capacitors 308 to 
ground vias 3 14. In embodiments, capacitors 308 may have differing values 
selected to resonate with an associated one of inductive wire bridges 310 and an 

15 associated one of thin-film resistors 3 12 to shunt RF current flow over a range of 
RF frequencies. In some embodiments, the range of RF frequencies may include 
RF frequencies from up to 300 GHz. In some embodiments, the range of RF 
frequencies may include millimeter-wave frequencies. 

In some embodiments, bias-line bypassing structure 300 may comprise 

20 thin-film capacitors 3 1 6 coupled between more than one of ground vias 3 14 with 
thin-film resistors 318. Capacitors 316 maybe further coupled with bias street 322 
by inductive wire bridges 320. 

In some embodiments, inductive wire bridges 3 10 and 320 may comprise 
inductive wire-bridge fuses. The wire-bridge fuses may provide an open circuit 

25 when/if an associated one of thin-film capacitors 308, 3 1 6 shorts to ground. This 
may occur during a failure mode of a thin-film capacitor. In those embodiments 
when a plurality of bias-line bypass circuits 306 are provided for an amplification 
unit, the failure of a some of these thin-film capacitors may have little or no 
impact on the units performance. In some embodiments, capacitors 308 and 316 

30 may have values ranging between approximately 0.05pf and lO.Opf, although the 
scope of the invention is not limited in this respect. Thin-film resistors 312 may 
have values ranging from a couple ohms to up to 10 Ohms and greater. 



Attorney Docket No. 1547.015usl 



6 



Client Ref. No. PD-02W215 



In some embodiments, each bias-line bypass circuit 306 may be part of 
periodic structure 300 of resistive-inductive-capacitance (RLC) networks. In these 
embodiments, bias-line bypass circuits 306 may be positioned along bias streets 
322 of the grid-bias network and may have spacing 324 therebetween. Spacing 
5 324 may be less than a quarter-wavelength of an effective propagation constant of 
the bias line, although the scope of the invention is not limited in this respect. In 
embodiments that include an InP substrate, spacing 324 may be approximately 
between 50 and 200 microns (nm). For W-band operation, spacing 324 may be 
around 150 microns. 

10 In some embodiments, the present invention provides a method of 

decoupling a bias structure (e.g., structure 106 (FIG. 1)) in a monolithic array 
amplifier (e.g., array amplifier 100 (FIG. 1)). In these embodiments, the method 
comprises arranging a plurality of amplification units in a grid-like structure on a 
single monolithic substrate. The amplification unit may be separated by a grid-bias 

15 network for providing DC power to the amplification units. In these embodiments, 
the method also comprises positioning bias-line bypass circuits (e.g., circuits 306 
(FIG. 3)) in a periodic structure (e.g., structure 300 (FIG. 3)) of RLC networks at 
least partially around an associated amplification unit to help reduce RF current 
flow between the amplification unit and the grid-bias network. 

20 In some alternate embodiments, a method of decoupling a bias structure 

(e.g., structure 106 (FIG. 1)) in a monolithic array amplifier (e.g., array amplifier 
100 (FIG. 1)) comprises providing DC power to a plurality of amplification units 
arranged in a grid-like structure with a grid-bias network separating the 
amplification units. In these alternate embodiments, the method also comprises 

25 reducing RF current flow between the amplification units and the grid-bias 

network with a periodic structure (e.g., structure 300 (FIG. 3)) of bias-line bypass 
circuits (e.g., circuits 306 (FIG. 3) within each of the amplification units. 

Thus, methods and improved bias-line bypassing techniques for 
monolithic arrays have been described. Also, methods and bias-line bypassing 

30 techniques that reduce the risk and problems associated with capacitor failure have 
been described. 

It is emphasized that the Abstract is provided to comply with 37 C.F.R. 
Section 1.72(b) requiring an abstract that will allow the reader to ascertain the 
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nature and gist of the technical disclosure. It is submitted with the understanding 
that it will not be used to limit or inteipret the scope or meaning of the claims. 

In the foregoing detailed description, various features are occasionally 
grouped together in a single embodiment for the purpose of streamlining the 
5 disclosure. This method of disclosure is not to be interpreted as reflecting an 

intention that the claimed embodiments of the subject matter require more features 
that are expressly recited in each claim. Rather, as the following claims reflect, 
inventive subject matter lies in less than all features of a single disclosed 
embodiment. Thus the following claims are hereby incorporated into the detailed 
10 description, with each claim standing on its own as a separate preferred 
embodiment. 
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